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????????MAC (Media Access Control) ???????????? CSMA/CA (Carrier




































































































































































































































































PT ×GlT × PLl ×GlR (2.1)
????L??????????????????PT ??????PLl? l????????



























































































































































































































































































Ak exp (− j2π f dk
c
sin θ + jδk) (3.2)
= I0(t)D(θ, f ) (3.3)
D(θ, f ) 
K∑
k=1
Ak exp (− j2π f dk
c
sin θ + jδk) (3.4)











D(θ, f ) =
K∑
k=1
Ak exp (− j2π f dk
c











w∗kvk(θ, f ) (3.6)
vk(θ, f )  exp (− j2π f dk
c
sin θ) (3.7)





D(θ, f ) =
K∑
k=1
w∗kvk(θ, f ) = wHv (3.8)
19
? 3? ???????????????????????
v  [v1, v2, ..., vK]T (3.9)






w∗k xk(t) = wHx (3.11)














= E[|d(t) − y(t)|2]
= E[|d(t) − wHx(t)|2]




Rxx = E[x(t)xH(t)] (3.14)





∇wJ = −2rxd + 2Rxxw = 0 (3.16)

























= −2rxd + 2Rxxw(m)
= −2E[x(m)d∗(m)] + 2E[x(m)xH(m)]w(m)







































Rxx(m) = ζRxx(m − 1) + x(m)xH(m) (3.27)
rxd(m) = ζrxd(m − 1) + x(m)d(m)∗ (3.28)
???????????????????????????
w(m + 1) = w(m) + βR−1xx (m)x(m + 1)e∗(m + 1) (3.29)
22
3.3 ????????????????????????
e(m + 1) = r(m + 1) − wH(m)x(m + 1) (3.30)
β =
1








R−1xx (m − 1) −
1
ζ
R−1xx (m − 1)x(m)xH(m)R−1xx (m − 1)




































































?????????????????????????DNCT (Deep Null Creation Technique)?
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3.4.1 Wide Null Creation Technique?????
Wide Null Creation Technique?????????3.2?WNC section?????????WNC
section?????????






























v(θ, f ) =
[
v1(θ, f ), v2(θ, f ), ..., vK(θ, f )
]T (3.33)
vk(θ, f ) = exp
[




(k = 1, 2, ...,K)




x(t) = [x1(t), x2(t), ..., xK(t)]T?




???? d(t) ? d(t) = s(t) ??????MMSE ??????????????????
?Wiener??wopt??????????Wiener-Hopf????????????




d(t)?????????????????????? s(t)????? u(t)??? n(t)?????
??????????????Rxx?rxd????????3.37????3.38)???????
Rxx = E[x(t)xH(t)]
= Ps[v(θs)vH(θs)] + PI[v(θI)vH(θI)] + PnI (3.37)
rxd = Psv(θs) (3.38)





Rxx = Ps[v(θs)vH(θs)] + 10γ/10 · PI[v(θI)vH(θI)] + PnI (3.39)
?b?WNCT???????
WNCT?????????????????????? x(t)??????????
x(t) = s(t)v(θs) + u(t)v(θI) +
Q∑
q=1
uq(t)v(θqI ) + n(t) (3.40)
????uq(t)? q???????????????????????E[|uq(t)|2] = PI?????

















< q ≤ Q)
(3.41)
??????????????????????????????Rxx??????????






















































0 30 90 150 180 270 360
0 30 90 150 180 270 360
0 30 90 150 180 270 360
(a) Conventional MMSE algorithm
(b) DNCT employed MMSE algorithm
Angle of arrival  (deg.)
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w/ 4 element circular array




???????? ???????? = 0.5 λ?
??????? 4,6,8,12,16,32



































































































































































Deep Null Creation Technique?????????????????????????????
??????????????????????????????????????????















































T + 0dB? ≤ ?? CINR <? T + 3dB N
T − 3dB? ≤ ?? CINR <? T + 0dB 2N














?????????CINR (Carrier to Interference and Noise Power Ratio)??????????
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the area in which scatters around AP exist in cluster












h(t, τ) = exp(− τ
Λ


























































































































































































Angle of departure (deg.)
0 90 180 270 360
(i)
(ii)
(i) with conventional MMSE algorithm

























(v) AAA with DNCT & WNCT, and fixed modulation (SF=128)
(iii) AAA with DNCT & WNCT, and fixed modulation (SF=32)
(ii) Conventional AAA and fixed modulation (SF=32)
(i) Omni antenna and fixed modulation (SF=32)
(iv) AAA with DNCT & WNCT, and ASFC


































(v) AAA with DNCT & WNCT, and fixed modulation (SF=128)
(iii) AAA with DNCT & WNCT, and fixed modulation (SF=32)
(ii) Conventional AAA and fixed modulation (SF=32)
(i) Omni antenna and fixed modulation (SF=32)






















50 %??? 30????????????? 20 %??? 8 %????????DNCT?WNCT































































































































































???????????????Secure Wireless Communication Area???????????
??????????????????????????????????????????
??????????????????????????Low Electric-Field Intensity Required
Area????????????????????????????????????????






















































































































1. ?? 1??? 2????????????????????????????????
???????????????????????????????????????
????????????????????????????????????
2. ?? 1??????????????????????????? 2???? RTS?
???????????????????? n???????????NAV?????
???
3. ?? 2??????? RTS???????????? 1???? CTS???????
??????????????? n???????????NAV????????

































? 5.5????????????????Undesired Radiant Direction Detector???????
????Ξ???5.3.2????????????????ΘI???????????????























































































































??????? ??????? ??????? ?????
-82 dBm BPSK ? 1/2 6 Mbps
-81 dBm BPSK ? 3/4 9 Mbps
-79 dBm QPSK ? 1/2 12 Mbps
-77 dBm QPSK ? 3/4 18 Mbps
-74 dBm 16QAM ? 1/2 24 Mbps
-70 dBm 16QAM ? 3/4 36 Mbps
-66 dBm 64QAM ? 2/3 48 Mbps
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Angle of departure (deg.)







??????????????????????????AAA-woSN : AAA Employed Method
without Sensor Node???????????????????Omni-woSN : Omni-Directional











Rate (Mbps) 0 6 9 12 18 24 36 48 54
Selection Probability (%) 40 20 25 15 0 0 0 0 0
TE1 to TE3
Rate (Mbps) 0 6 9 12 18 24 36 48 54
Selection Probability (%) 50 15 5 25 5 0 0 0 0
TE1 to TE4
Rate (Mbps) 0 6 9 12 18 24 36 48 54
Selection Probability (%) 95 5 0 0 0 0 0 0 0
? 5.4: ????????????????????TE3?
TE3 to TE1
Rate (Mbps) 0 6 9 12 18 24 36 48 54
Selection Probability (%) 70 25 5 0 0 0 0 0 0
TE3 to TE2
Rate (Mbps) 0 6 9 12 18 24 36 48 54
Selection Probability (%) 20 0 10 0 0 0 0 0 70
TE3 to TE4
Rate (Mbps) 0 6 9 12 18 24 36 48 54





























































b) TE1 to TE3
Proposed
  6Mbps fixed














c) TE1 to TE4
Received power level (dBm)
Proposed
  6Mbps fixed
  9Mbps fixed
  6Mbps fixed
12Mbps fixed





  6Mbps fixed
  9Mbps fixed
  6Mbps fixed
12Mbps fixed












































c) TE3 to TE4
Received power level (dBm)
Proposed
  6Mbps fixed
  54Mbps fixed
  6Mbps fixed




  6Mbps fixed
  9Mbps fixed
  6Mbps fixed




























??????????????????????????AAA-wRPF (AAA Employed Method
with Radiation Power Feedback)?Omni-wRPF (Omni-Directional Antenna Employed Method with
Radiation Power Feedback)????



























0   < T < 1
18 < T < 36
6   < T < 18
1   < T < 6















c) with proposed method
















































































c) with proposed method



































0   < T < 1
18 < T < 36
6   < T < 18
1   < T < 6















































(a) Transmit terminal : TE1
Omni-wRPF?? AAA-wRPF?? Proposed
Area ratio 4 % 49 % 61 %
(b) Transmit terminal : TE3
Omni-wRPF?? AAA-wRPF?? Proposed
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